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(2) 

1 

<!:. -g-L-C 

-BiJIBISffil«<!:B!fiaT^iCDPB^«:S:WP,tlfc. mtf 

)vm(om^i!fi 1 1 0 osj-v^'x h n-Aj«±-c*4. 

Ca^2 3 «riagtt«*JSgR. aSR<b^. i^iUa- 20 

31 1 is^omi^mm^ y f. 

P b y Ox<DfflfiR^-C«SnSK{b«3<!:©ifeB^«*«iHSE 

. 1 * fc» 2 tmomwmi-^ 'j y. 
Cii^s ) m^—<oipr3im(oms*ii2 0 0 5i->i':j^ 

[ 1 0 ] iSfl^^jg^^ y J: D «S4 3 so 
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(b) K»aftfi±K:^)a3»>ifA'Hi. TSffii. 

<d) B?ieEEmMi:K:±m6?:0fi^T^)Xli<!:*^^r 
winJtLh-e*»). *>ogiii24?>$Jl.@©S$*tl 100 

ca^i 1 } iJiexg (b) cc*ji>r. &m^>iijv 

ifi. mt^-ii^. K^ti-iaA. Kjb-s'irjk */cttK 
>tcD^®K'^b!a*^^•c^C'&^l. S/ciii'^i^^i't 

[Si^ 1 2 ] 8IH3n«SJiE^-<0lJ|BJJB*JK^t9^i» 

Kfbi'CJA. Kib-v-Jr^W. */cBK<b^'>5';^7^ 

X F D- AJWTr* ») . SH s n-sKftam— ©t|iiaB*5 

S*J2 0 0:*->y;^ Fa-AttT-Cfe-2.. 112 

Cit^ 1 3 ) tJISXg ( b ) {Cfcti-C, TmSitcll 
n©* 3 6«C®B 3 41. gE|g-©ilJraJl©±«:EE 

*sJ:yte^*>€.SS?3n^.ifeS<!:. ^^^f^i©^ 

^K^b^%#^r^t*H■c*-s. li^i offiis©:^ 

[^^14 ] a®3tl*l5iB»-©fra®©/?SAi2 
OO^Vi':^ Fa-Aferrr**, St*Jll 3S46©:& 

a. 

1 5 ] mim 1 ~ 9 ©i»rti*>-sK:i2js©s[ 

iiidt^i o~ 1 4©c»-m*>— :^K:f2$s©::^ffi«:j;^r 
©e.nfcSI^S«©. 0fiJt3*ifcff^l®©T8P«:«fc;^ 
«.(aa©a^«:^< CtJCiOfSSiftSSfa^rJ^fiS^ 
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[0 00 1] 

[^BJCDt^ja] 

[0002] -^mmm 

[ 0 0 0 3 ] JEmM©ffl^». —saw:. ^^VKt?;!/^ 

>Btis (PZT) ^^^^-r^rjmm^fcapzT 

[0004] ?S[t*:i§S4^ ^> h-CClSMPlt6i.SiDn.5EES 

m<omt ma. :rik¥4 - 1 2 e ? 8#;&$fi 

5^Snrc»-5. !^ra^5-9 7 43 7-^4:^fgK: 

[0 00 5] i/3>»i/&*i6. cn6.5^e«<D«^tt-fe 

[ 0 0 0 6 ] !^Pi^5 - 4 7 5 8 7-#^{C». 
**l8in$tlTl>^. itc. Japanese Journal of Applle 



(3) i^ea^PS- 1 1 2 896 
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d Physics Part I. 1993, Vb1.32, No.9B, 4144-4146(C 

0 0:t>4^>^ ha-A. ^i»>®50 0:*->5^X hn- 

■ei/Te^2 0 0 0aJ->if;:^ha-A*aJBl/. 
5 6CC:/^l'y.>l'ffiK:j;»3f&^3n/cJ?3 2 3 0 0+>y 
h o-MMSLO^ d» >KJS ( P Z T ) 

[0007] C n6CD3tK^t£©^.?* 

rar^ji©^jsat*sti^3nfc. cn6ij. mifiH-^ 

[0008] 

[«i«©«fil] 2|!:«l««€»tt. JJBO/dgSWg* 
«fiS-r ^.-K^t^Ktei^t SSjB©JBfi)W»J > if JUB© 
^^SSiaiTS C txtmxt ^ C <b ^^ta l/fc. * 
20 1c. *^ll#«S5tt±5B^©l««-*-SJi*>6©iilIBl*# 

5E©a?:/h?SE? C t-C}fl®J-C# 4 C <t Ufc. 
[0 00 9]a£r>-C. :*:^WB. MS14*Jii^<. *>ot4 

mcwnftw.Vfmi'^v K©ffi««r-e©ew<!:t/ru 
[0 0 10] *fc36tc. wt>*a*o-c« 

ei5r-e©eWi L/TtiS. 

[00 1 1 ] -eur. ^^^gccisatt^aMffltt/X;!/ 

rJ^SSCCi®3*3#&t>©-C*0. SiISHSIi©/lS3&il 
tfm«±r*»). *>-:>iifB2^r>5r;l'B©«$3&si 100 

[ 0 0 1 2 ] 4 te. *^?g«c J: *?g(*«S^->. K». ±. 
i3?S(*i«l*-«-9 K©^I^^iJ*®iTmei©raSfcttT 

[0 0 1 3 ] ISfc. *:«g««:j:S±ieffi(*'fiSt'^:' 
50 or. (a) m^i^ll3^«Lh{c|gSMS(«^li»-%X@ 



(4) 

S 

i. <b) ^SbftJhtc^Si'^*^®^. TSffii. 

(c) mii>tifcm&rjmm^i:WS^i:^ts^mm.T-c 
hxmt . ( d ) iiriEE«ie±«:±ms?rje^-r ^xn 

<b4S^-C«:^). ^^tcj: »)±iEXg (b) {ctel»-C5« 
[0014] 2tc^?B«cJ:&?Sl*iaS4'^f KOii 

•3jS^<!:)^f-&^ra'S:j^^-r-5xei. -eu-cfria^^** 

t *ttrf ejg^tcjSji $ ?c *!s e.firie?g^ i ^.'"t 
Sra'feS5D-&xg^;i^^•r^c^»b©. t**. 

[0015] 20 

[ 0 0 1 6 ] 0 1 tt. ^^BJCDHSfeMKfcW SS^t^iQS* 
1 0 1CC». 0 2<!::^-S^P^*i|g:l:r6n-CiS:0. 

c<D«S 1 0 2 *-r« 1 0 3 i uroiggb 3o 
^S2 0 2 4^J:CJfBf^t^®2 0 1 <b. 3?.«:K^k^»> 
if^l/^SWl/fc* >$;W12 0 3 t*iJKfiX3nri5ci. 
3 6JCC <D 3» > 9i^m 2 0 3 ©±«:)ES5R^*iJgtKS 
n. COBE^^^tt, TrntSl 0 4t. EESJSl 0,5 

±tiffi 1 0 ^ t.lK^fi>tii, ®-<DS« 1 0 1 « 
f^Kl 0 8«s^sKS*l7^mzi(DS«l 0 7trm^$ 
tl. C©S-^5}-«CB>'X;l/i l/TOiSPSB 1 0 9*J. 

SSI 0 2 i«fl:«Efsi 0 s^/r-b-caauTj&fiEsn 
[0017] $ 1 (nm^m^^ v k©^— <ds« 4o 

1 0 i*jJ:cF'e©±fca:we)iifca«Ji®*£:;*:»rffiH*i 
H2-C**. 

[ 0 0 1 8 ] C ©ffift'BSi'^ 7 K»'>C©J: -5 KJftfp-r 
^. ^*lT^e 1 0 4 <i:±^g 1 0 6 iCPaCcBlJJOS 
tl&<b. TmSl 0 4i. EmEl 0 5i. ±^S1 0 

6 i i 0 «c -iff ^^*s J: a^ib« 1 0 3 or 
t>*. ?s^i 0 2©<*a*aii>s-&5. i&©ie*. ^ 
1 0 2rt{c^i/r(,»*iK«:*J«e(*iSJ8i 0 
*i. X^H 0 9 J: 0 fflt»*»g8* S. 
[0019] >|E^(C4(SC»r». ±£EES]a 1 0 5«i|fi 50 
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«:^*U-C/j:*BESK-C* *) . *»-3*©IBIJ?*t 1 u mfel 
±. <fc0»*b<{il~5 wm©fiH43tir/jr4. 3 
6K. 2|r*^{C*5C^-C«. ±ie3'>^il'/a2 0 3©J¥3 
3641 10 0:*->d'Xhn-A«±. »*6<«1 20 0 
-1 00 0 0^>y;^ ho-AgS. .fc^HifSKJii 
2 0 0~3 0 0 0*>d/>^ ha-Aig*ar«ri. Km 
IS©S»% 1 a mfeiiiTi C i -C. ?S?BK©}BS(t«t* 

i H2gi:trffitc*jc>riS^«a: <F9Ati3 6 o d p i 

JJLh) ©Ep^*inJ6fe<tAd:^jKfijji«W'N9 
3e>R:. *^?8#^>©SIS^«:J:ntf. iS'>4fJi'M2 0 3 
©©/?*« 1 1 0 o:t>i';^ h a-Attiisn/cie:^. 
SSbSl 0 3tt»K:fcWS^?H©^Sfe*WS3!i«:|iEil:r#«. 

[0020] *^?g(C*jti-C, IS*^«U-C<c^EE^M 
tL-Ctt. SS=& 1 811^% (atomic X> 

s K tt 2 0 JK^%«±$^r^t i «>©3&jff * 

•?>Srfi)E^^t (PZ 
T) **«^<!:-i-2.«>©3&«W&*i*. J:»)W*Ll>A 
(*p«<fcL/-C». Tffi©^fcat>3n.5ffl)a*^ffr*«>© 

[002 1 ] Pb (Z r. T i.-, ) O. +YPbO 
(CCT?. 0. 40^X^0. 6, O^Y^O. 3^* 
5) 

i=^:^^-Tm&) *iMtcm6n/c*>©-C*-7rfe<t 

[0022] PbT i. Z (A. B» ) . O. + e 
PbO+ ( f MgO) . 

(CC-C. A«. Mgr. Co. Zn. Cd. Mn. te,*: 

J/N i *>6^Cief*>6Sf?Sti'2. 2ffl©^3;fc«S 
b. Y. Fe. Sc. Yb. Lu. In. *iJ:iyfCr3&> 

b, Ta. *J<tJ/S b3&>63a:5SP*^6St«3*i«.5ffi© 

©^)S**L. *fca + b + c=l. 0. 3 5^a^ 
0. 55, 0. 25^b^0. 55. 0. l^c^O. 
4. O^e^O. 3. O^f^O. 15c. g = h=l 
/2. -eb-Cn = 0-C*S3W. fflU A36«3flB©^* 
7!>»-7B*S6«©^?:«-rct«^C<. S/cAJti* 
2ffi©^'&^L.. *^-PB*i5«©^4^-r«^. K 
«I/3*^l/. htt2/3*aL/. 3;?cA*iMs4a 
U B*JNb*«t-18^{CK»). nttl«^-r. ) 

HfiS»?R©<t»)^(?*Lt,>:P^^*^«t L/Tij. aj&sm?*^ 

BdiNbi^l/. BTii 1/3=&«1/. -eL,-Ch*i2 
/3 *S-r i>©*SW6h4. 
[0 02 31 ±gB©fflfiJE«:*jurfc. ±iB0^fcJ:9tc. 
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48P b tt* ©iHfiE*CD 1 8 M^Fa96fel±*^-Cfe 2>©*J 
SfSL<, J:OJf*L<(i2 0J®^%J£^±t?*i. 
[0 02 4 1 3e>lC. Ai)mgimU. B*SNb?:^T 
t*. MgO*J±IBffiH«:*-5C<t:r. m!M'P(OPb 

CO 02 5] 3 6{C. cnhZM^^.i6XOEM^^<0 

ffi<DBa. Sr. La. Nd. Nb. Ta. Sb. B 10 

i. W. Mo. Ca, tjii^ifima^tiXi^^K^. <!:»)*? 
W. HfiX^S(Ci>-,rttO. 1 0*JU%J^T©S r. B 
a©^lra*iHm#14©5fe#{C<!:«3»*Lt>. HfiX 
^^K^oTBO. 1 O^-iP^feiTOMn. N i ©SSJll 

[0026] *^?aK:*$t>-cti8ti{*«8l^*/cttil^{k 

«c*jt, »r . najig 1 0 3 \m.itmm 2 o i *j j; umn 

0 2 i*--'S«CSS n^«C 'S. iiS6i® 2 0 2 ©!if 

Ji*5ptf ^-i^mo K--7"<Datb-C«5 X 1 0 

"~5x 1 0"cm-'fia*sj(f3lL<. */c«©Jl$« 
0. 2~3ymgS56«Jf*l/<. iO»*l/<ttO. 5 

- 1 M mgS-C * •& . * /c . :$:%Bj(DSri(7?Ji7 $ L C 

[00271 »{iaa^2o i©^s»i(^i. o 

MmIUT*J»*K. J:«3»*K»ttO. 5amJ!UT 30 

(0 02 81 *fc. mitdiyi')Vi:^mLfciiiyi')vm 

EOatlJ. $T*L/<«Kfbif>3';U<!:. TaPbyO 

tte©®-C*4. mit9>^MtZMiti'>^)V. SM 
itHl^t'A'^ 4sJ:Ut-e^<a6©ffl3Wii^Lrt>S*>©-C* 
or JfSU<tJESE<t^>5';l'-C*-5. c© 

ftLrtrfcjatcior. i8ffc*>*iUt. TaPbyO 

x©ifflfijEScr^snsK{t«i<t{cs:^3n-5. c©«ii^ 
©iag©i5a-c. > 5'->ni«-e©igii*iS*n$ it 

*l6?BtC*j(,>-C. *>5»jWB©J|E$*U 1 0 0:*->yx 
©/f$«:.m«-rs. ^LXC<D!^^m<om^ifil 1 0 

titeSjBC^AC&jaiCKajhSnS. C©ffl*»J«T© 50 
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wsn^ci*^-r.5't>©r«jst». ±ieLfc^<kS 
satctew^sm. *iaq8^i?©'e©jg0a3s<o»flf 

©■CftSiStotlfc. — iJ>5»;UJ14*4J5SJW± 

*Ct*iadi3n/t, /i:iAte©(SA***-:,Tfc. ^{fc 

©4» > $ ^na cc J: 2>t8©K'(l:«S®'^©(f A©IH±B^ 

r-i^B%{b3#-sc<t*sw*Li». J;^t:gs©K<tSlfK® 
<^©SX»-c*sisoilJtt*c: t*Jji?* t<. 

JHl©;i3B?ffi»3fi8f'N^ H©ttt6*iaAj:t)/5:t>|SH-r 

[0029] ^^^icisK^xs.'^^i-^je^irh 
T^ffi 1 0 4 J:U£±^ 1 0 6 «. BE^^^USt 

S^fefc- J:CXe^^/j: ecXCC^^S?* L < ffll,^ S C <!: *s 
■C»-&. *©/|tStt3a:g^5E34T.t:J:l»*i. 0. 0 5~ 
2</ingaJ!»5»*Ll^ 

[00301 *:%|§©W^ Ol^Sg^tc J:n«. Tmgt 

i»>5t7i/gi©ra«cm— ©*ffiiB*ssw6nx:/j:i. c 
©»— ©q»ra®*??^3-e*Ci«cJ:-p-C. T^Stf 

©ian»*wja«:i!s±r4ci3W-c#«,. ^-©ttiraajw 
t^titdimmm^ ^ Y<mmw^\m 3 ecms n 
«><!:*jor*o. igif-c^— ©tj>raiiB2 1 o-c^j^sn 
■s^-c^^s. *j*?g©»* L.t»sgsi{c intf . . c.<om 

;k *yt«K^b5^>^/;:^^l'*^^r>i^,. 3?,«:. »u 

«. 5'>:^-»i'©e^*fc«9'i':^4iZ)^^©K{biBJ€: 

A. /N-^S^-^A, ityl.S.'yA. f^'vp'^J^. 
*i^t:f6,n. 5'>5f^l'<!:Q#i©#^ 
fflfiStt. »* L < tt8 0 : 2 0 ~5 : 9 5igSr*S. 
Tm@*Je^*>6^cS^. 3'>^';l' : 3 0 : 7 

OgS©^*s^©fB3W4©lS)±©S!,#.*>^S«>»* U 
.l»^J>©© — DT4>i. 
[003 1 1 :*:ia«ffl#«:4jl»-C. 

ri>sti^©*%e>r. ^*iisst-5)aisi>«:»» 



(6) 

^.CD*WSL/<. J:Oif3El/<»5 0~2 0 0:t>i'>C 
[0032] $ ^ic:^^m<Ottft Hr^^^CC J:n«. T 

fc«f*«JW^ V F<iO»fffififc«vB{3:B4 (CttS*!* t*J ») 10 

ttJb\ ^— ©*ra®2 1 0 is-©cfraa2 2 0 

l/)fea»)-c*-5. *fc. l5-©4'raM«c*$t,»rt>-?-©JP 20 

K:fct>rjE^G>es^tBa©<^.®x?. i 5 0 i/^x h 
n-A«Ti3n-5©*5»$l,<. J:0»*U<tt5 0 

~i oo:t>y;^ho-Ag@!:-c*.5, 

[ 0 0 3 3 ] C ©0-©+ra® «r|S:W/cigm. TSffii 
ESM©ffi^3!»s«IS3n/daJ1-«:. lai-tCfcBESlS© 

5RT©«BEll«3©»d3 1 ©?Jc#*«;!f 6n?t. 05 
(a) :*^l9{Cj:SflBJ«aS3*'^5' KCC*$WSffmg 30 
©^Bm^©Brffil£:A:^E3r*.S,. Kmm 1 0 5ti^ 

-©w^®2 2 o<o!i-m*>^—mj:mB<Dm^B^b o i 

{c±»J«fi!5Stirft4. H5 (b) ». ^-©tp 
ra® 2 2 0 *4#«EU^tt»i©^EE^©eB^iSJS5©Wf® 
Jfc;«c«5«Blt?* i. c C t?. Em® 10 5 »Tme 1 0 
4©S!i®3!»6— S©l¥3©e!K©»Sta5 0 2*5}BfiSS 
■^©±gS{cSg^©*gse5 0 l*JJKE!E3nr)5:2). 
[0034] :*:»igK:j:5jSi*i«j4'N y K«. t«;^.tf^X 
©Jc'Jftc^-CflHriiciAJ-C**. H6«*«ig«:J:. 

i>mtmm^y K©sij?«jg©fii,'§s-c*>s. BEmsg^^ 4o 
*s.ti:^?8[M*s^fiKsn;^:3^-©Sfil o i ffi^ssi^ 

1 0 8*J?Bfi)ESnfcl|-©S« 1 0 7 i^S^L. >'X 
/H 0 9 <b<g#«;A?L3 0 4*sj^fiK3 ns, m»mAK 
3 0 4<9J«S«(3 0 1 -CS«&. %(^3 0 3 i)im^^h. 

c©ffi(ts3 0 3 tcimmifii^mp^ifim^stii,. 
s»3 0 1 tjusisss 0 2icm.')m-)^ti^. 

[0 03 5] tfc. 07 (a) isilf (b) «. 
8 «rBfiSL/cSlr.©a« 1 0 7 tc. >'XJl/4 0 1 tJBfiJi 50 
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©i-^^^fiSi-rscitcJrO. 04 (a) tcin-rj:^ 
tCjg^l 0 2?:^mi^«:ffiSL. L*>fe>'XjU4 0 1 * 

4 0 1 ©S2fiJff ^'^rffl^^ 1 0 2 ©ffiyijf 7 ^^©ifi^i 

X;l/Sr4 0 0 d i pSS©ffiS-CES-r*C <b*s^86i 
^C5. >'X;KOH*SiaiBS<t36J^JtBtttS 

[003 6] 'mmA^ V K©^3§ 

itt^^T-S.. 08 (a) . (b) . fcic; (c) «. ^— 
©Sffil 0 1 CCEEm^^^SOf«S45Kfijr**-C©S?3i 

[0037] mi^^3^^j!pe>&«.^-©S« 1 0 1 

*tji 1 0 0-1 2oo-c®ae{ctt8gio-cf»K^bu. s 

SI 0 l©MMtc;i3*^3 0 0 0~5 GO 0:*->yx h 

o-A©K^t:s^2 0 1 ^jgfisri. 'Xtc. S«i 0 
1 ©^tB^^^-^jR* 10 0 0 x:-c»^i^^S2 0 1 © 
TSP«Cjfi;S*3-li-. jlit53E«2 0 2 ^J^EtT-S. '<f ^nfc 
S« 1 0 1 ©MECc:? * h uyx FB«:J^fiX l/v 

1 0 3*ia:WfcfflJ<!:iS*fWJ©«®tcraPSP*Klt5. K 

<t^jRa2 0 1 ^^gr*j«fccf^<tr>*-'i'A©*jS«[ 
■ciip^iAyffiL.. eapsp2 0 4*^RW*. 
[0038] iKtr^r. yn-cymi 1 0 1 ©K<l:;S3RB2 
0 1±K:. df>if-»l'@2 0 3. Tm@i 0 4. -e-LrBE 
1 0 5 . MfcttJg^w: <t -5 r ©^ifflg 2 1 0 45 
j;tJf/*?i:iiS^-©W^;i2 2 0 cne© 

<;>d^ffi. -(t^^lBfiSg (CVD) -/Jby^U^/jci- 
[00 3 9] CC-C. m—<0'PfSimtL'X. ii>^}Vi. 

mit^^>, miti7aA, gE<k-v->-Jk S/c{*K<t5' 

>i^xf ^^^.ttsiitc^sn. -ecBs. @©/P3« 
*>p>s«*l•5^^:#^■c^r4J8«:JKfiW-5*&^. e© 

J13©JtJ)n«rasSL. Si^WJ&:^©J¥3*iH5iBl,fcJ:'> 

=feB4*^•c<t »4 1/ < tt 5 0 ~ 

2 0 0:f>ifX ha-AJaTirSCi-CffmHiiffit*: 
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©feS^b««c5 O0:ir>if:x}- n-i»ttT©3f— ©(filffl 

i>m\iis.'^!msm<Di^^t(om»v^<oBiMia.t.A, 

[0 04 0] 3 ffJfi5iUJ:^i-r^>®7J5-^#-C&5 

5^ >J > yft cc j; 0 a^^^^Wf S ^« > f JU- a 
[ 0 0 4 n * fc. EESIKcw&fiJEia:. '^COJ: ^ tcm>4a 

[0042] *-r. !^^^®PZT«Eiei*?&X>''{y 

[0043] ;>C©C©T^^W7 T ;^«©Birig#**iiS»u 
©s^*f>^ip) tctenr. 2SPg«:»^:rr^T*)n*<D«l 

ttK^Ha*-CB!riBft®*»* 0<tt500~700 

sfbL/fcM* 7 5 0 ~ 1 1 0 0 -c-cttii^-r -5, 
[0044] fs—mmjMt.m-.mmLmt\i. smi> 

[0 04 5] J!y±©J:9«:i,rH8 (a) lc^StiS« 

[0046] J«±©J: 'JtCj^fiJtlSnfclEmjg 105** 
•>*K*«aitc J: ») . 3 ?>{CTSS 1 0 4 *3E**Sfflt 
tcj:orS!iSH^r:T^/3:g|5»*m^fcf*. BE^Sl O 5 
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(54) UQUID JET HEAD 
{57)Abstract 

PURPOSE: To restrain an electrode from separating from its 
neighboring layer by making the thickness of a lead-containing 
piezoelectric film which forms a piezoelectric element larger than a 
specified value and the thickness of a tank layer between a vibrator 
and a lower electrode larger than a specified value in a mechanism of 
driving a piezoelectric element, deflecting a vibrator, and jetting out a 
liquid in a liquid chamber through a nozzle. 

CONSTITUTION: A space which becomes a liquid chamber 102 is 
provided in the first substrate 101 which is comprised of a single 
crystal silicon, and a main diaphragm 202 as a diaphragm 103 and a 
silicon oxide layer 201, and a tantalum layer 203 which contains 
tantalum oxides are formed on the liquid chamber 102. A 
piezoelectric element which is comprised of a lower electrode 104, a 
piezoelectric film 105 and an upper electrode 106 is formed on the 
tantalum layer 203. The first substrate 101 is bonded with the second 
substrate where a liquid channel is formed, and an opening as a 
nozzle is formed at the joint, communicating the liquid chamber 102 
with the liquid channel. The piezoelectric film 105 is a lead-containing 
piezoelectric film with a thickness of 1 ^m or more and the tantalum 
layer 203 is 1 1 00 angstroms or more in thickness. 
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CLAIMS 



[Claim(s}] i 

[Claim 1] The injection head which is characterized by providing the following and which makes a liquid inject from a 
detailed nozzle. The single crystal silicon substrate in which the liquid room for holding the liquid which this head should 
carry out - iruection was formed. - The nozzle which is open for free passage in the aforementioned liquid room. - The 
diaphragm formed on the aforementioned liquid room. - The lower electrode and upper electrode the piezoelectric film 
which comes to contain the lead formed on the aforementioned diaphragm, and whose piezoelectric film of its are pinched. 
[Claim 2] The fluid injection head according to claim 1 which the aforementioned diaphragm becomes from silicon, a silicon 
compound, a zirconia, an alumina, or a zirconium nitride. 

[Claim 3] The fluid injection head according to claim 1 or 2 which is a layer in the state where the crystal phase with the 
oxide by which the aforementioned tantalum layer is expressed in the empirical formula of TaPbyOx as tantalum oxide is 
intermingled. 

[Claim 4] The fluid injection head according to claim 1 or 2 which is the thing in which come to prepare the first interlayer 
between the bottom electrode of the above, and the aforementioned tantalum layer, and this first interlayer comes to 
contain the oxide of an alloy with a tantalum, a platinum group, or titanium coming [ titanium oxide, a chrome oxide, nickel 
oxide, or a tungstic oxide ]. 

[Claim 5] The fluid injection head according to claim 4 whose thickness of the first interlayer of the above is 500A or less. 
[Claim 6] The fluid injection head according to claim 4 whose aforementioned platinum group is what is chosen from the 
group which consists of a ruthenium, a rhodium, palladium, an osmium, iridium, and platinum. 

[Claim 7] The fluid injection head according to claim 1 or 2 which are the metal with which it comes to prepare the second 
interiayer between the bottom electrode of the above, and the aforementioned piezoelectric film, and this second 
interlayer is chosen from a tantalum, nickel, and a platinum group coming [ titanium oxide ], and the thing which comes to 
contain the oxide of an alloy with titanium. 

[Claim 8] The fluid injection head according to claim 7 whose thickness of the second interlayer of the above is 200A or 
less. 

[Claim 9] The fluid injection head according to claim 7 or 8 whose crystalline structure of the aforementioned piezoelectric 
film is the thing which uniform globular form crystal grain comes to constitute. 

[Claim 10] The manufacturing method of the silicon substrate jin which the piezoelectric device used for the injection head 
which is characterized by providing the following, and which makes a liquid inject from a detailed nozzle was formed, (a) 
The process which forms a diaphragm on a single crystal silicon substrate, (b) It is a nietal tantalum layer on this 
diaphragm. Lower electrode. And it is [ the process which carrjies out the laminating of the piezoelectric film precursor to 
order, and forms it in it. and ] oxygen about the single crystal silicon substrate (c) Obtained. 

[Claim 1 1] In the aforementioned process (b). the laminating of the first interlayer is further carried out on a metal 
tantalum layer, and the laminating of the lower electrode is cafried out on this first interiayer. here The first interiayer of 
the above Titanium oxide, a chrome oxide, nickel oxide, or a tungstic oxide. Or the method according to claim 10 of being 
the layer which comes to contain the metal chosen from the group which becomes a tantalum, a platinum group or an alloy 
with titanium, and a row from titanium, chromium, nickel, and a tungsten coming [ the oxide of an alloy with a tantalum, a 
platinum group, or titanium ]. 

[Claim 12] The way according to claim 11 the thickness is 500A or less when the first interlayer of the above by whom a 
laminating is done is the thing which comes to contain titanium oxide, a chrome oxide, nickel oxide, or a tungstic oxide, and 
the thickness is 200A or less when it is the layer which comes to contain the metal chosen from the group which the first 
interiayer of the above by whom a laminating is done becomes from titanium, chromium, nickel, and a tungsten. 
[Claim 13] The method according to claim 10 of being the layer in which the laminating of the second interiayer is further 
carried out on a lower electrode, the laminating of the piezoelectric film precursor is carried out on this second interlayer 
in the aforementioned process (b). and the second interiayer of the above comes to contain the oxide of the alloy of a 
tantalum, nickel and the metal with which it is chosen from a platinum group, and titanium here coming [ titanium oxide ]. 
[Claim 14] The way according to claim 13 the thickness of the second interlayer of the above by which a laminating is 
carried out is 200A or less. [ 

[Claim 15] It is the manufacturing method of a fluid injection ijead given in any 1 term of claims 1-9. The process which 
forms the spac which serves as a liquid room by removing the silicon of the position corresponding to the lower part of 
the piezoelectric film by which the silicon substrate obtained liy the method of a publication was formed in any 1 term of 
claims 10-14, And the method of coming to contain the process which closes the spac which should serve as th 
aforementioned liquid room while joining the silicon substrate \n which the aforementioned space was formed, and the 



second substrate and making the aforementioned liquid room open for free passage a nozzle and the liquid supply system 
which supplies Jthe liquid which should be injected to the aforementioned liquid room. 
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[Detailed Description of the Invention] 1 l 

[0001] I 
Background of the Invention] ) 

The field this invention of invention relates to the fluid ir\iection head which can especially be used as an ink-jet recording 
head about the fluid injection head used suitable for a fluid injection recording device. 

[0002] The fluid injection recording device represented by the background technical ink-jet recording head makes the ink 
of the liquid interior of a room iru'ect from a nozzle by having a liquid room, a nozzle, the fluid injection head that has liquid 
passage, and an ink supply system, and giving energy to the ink constituent currently filled in the liquid interior of a room. 
This injected ink constituent is made to adhere to a record medium, and a character, image information, etc. are recorded. 
Generally a means to pressurize the liquid interior of a room, using a piezoelectric device as a means to give energy to an 
ink constituent, or a means to heat liquid indoor ink using a heater is known. 

[0003] Let composition of a piezoelectric film be the three-component system which generally added the third component 
to the binary system which makes titanic-acid lead zirconate (PZT) a principal component, or PZT. 
[0004] The piezo-electricity / electrostriction membrane type actuator with which the laminating of the first electrode 
layer, a piezoelectric film, and the second electrode layer was carried out one by one, and they were formed in this 
substrate, for example using the RASEMIKKUSU substrate which contains a lead element in JP.4-12678.A as an example 
of the piezoelectric film considered for application on a fluid injection head to be possible are indicated. Moreover, the 
piezo-^electricity / electrostriction membrane type element which becomes JP.5-97437.A from the ceramic substrate of 
thin meat, and the electrode, and the piezo-electricity / electrostriction layer prepared on this ceramic substrate are 
indicated, when forming a fluid injection head using technology given in these official reports, it is shown in JP.5-97437A ** 
- as — a substrate thin-walled part — a diaphragm — carrying out — the space of the lower part — a liquid room — 
then, it is good 

[0005] However, since the element given in these official reports uses the ceramic substrate, it is difficult for ijt to make 
the size and thickness of a thin-walled part small. Consequently, densiflcation of the nozzle of a fluid injection :head is 
carried out using these elements, and, generally it can be said to be difficult to realize the picture of high resolution. 
Furthermore, the ceramic substrate is expensive and. also economically, these elements are hard to be referrejd to as 
advantageous. \ \ 

[0006] Moreover, the thin film capacitor of the structure which carried out the laminating of the first electrode! which 
becomes JP.5-47587.A from the conductor Which contains silicon on a substrate, the second electrode which !comes to 
contain tantalum oxide, a platinum electrode, a dielectric film, and the upper electrode one by one is indicated. jMoreover, 
the element with the piezoelectric film set to Japanese Journal of Applied Physics Part LI 993. Vol.32, No.9B, and 4144- 
4146 from titanic-acid lead zirconate (PZT) v\ith a thickness of about 2300A which carried out the laminating of a silicon- 
dioxide layer. 500A of tantalum layers. 500A cjf titanium layers, and the 2000A of the platinum layers, and was further 
formed of the sol gel process on the single crystal silicon substrate is indicated. \ 
[0007] this invention person etc. tried manufacture of a fluid injection head using the element given [ these ] iri reference. 
Consequently, it checked that a cavity will bej formed in the silicon-dioxide layer which often constitutes a diaphragnri. 
Furthermore, ablation of an electrode layer was further observed between the electrode and the piezoelectric film between 
the electrode and the tantalum layer by the case. These lower the yield of manufecture of a fluid injection head, and spoil 
the reliability of a fluid injection head. 
[0008] 

[Summary of the Invention] This invention persons found out that it could suppress because formation of the cavity in the 
silicon dioxide, which constitutes the above-mentioned diaphragm this time controls the thickness of a tantalum layer. 
Moreover, this invention person etc. found out that the ablation from the layer which the above-mentioned electrode 
acljoins could be suppressed by making a specific layer intervene. 

[0009] Therefore, this invention is reliable and sets offer of a fluid injection head excellent in the performance as the 

purpose. J \ 

[0010] Furthermore, this invention sets offer jof the manufacturing method of a fluid injection head which can rjnanufacture 

a fluid injection head by th high yield as the purpose. i 

[0011] And th injection head which makes t^e liquid by this invention inject from a detailed nozzle - Single Costal Silicon 

Substrate in which Liquid Room for Holding Liquid Which Should be injected was Formed, - Nozzle Which is Ooen tor Free 

Passage in the Aforementioned Liquid Room, [and Diaphragm Formed on the - Aforementioned Liquid Room. - | 

Piezoelectric Device Which Consists of a Lower Electrode Piezoelectric Film Which Comes to Contain Lead Formed on 

P i 
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the Aforementioned Diaphragm, and whose Piezoelectric Film of Its. are Pinched, and an Upper Electrode. And by coming 
to have the tantalum layer which comes to contain the tantalurji oxide prepared between the - aforementioned diaphragm 
and the bottom electrode of the above, driving the aforementioned piezoelectric device, sagging a diaphragm, and changing 
the volume of a liquid room that whose aforementioned tantalum layer thickness the liquid in the aforementioned liquid 
interior of a room is made to inject outside through a nozzle, and the thickness of the aforementioned piezoelectric film is 
1 micrometers or more, and is llOOA or more — it comes out j 

[0012] moreover, the thing by which the fluid injection head by^his invention comes to prepare an interlayer further 
between the tantalum layer of the above-mentioned fluid injection head, and a lower electrode, or between a lower 
electrode and a piezoelectric film — it comes out i 

[0013] Moreover, the process which is the manufacturing method of the silicon substrate in which the piezoelectric device 
used for the above-mentioned fluid injection head by this invention was formed, and forms a diaphragm on (a) single 
crystal silicon substrate, (b) The process which carries out the laminating of a metal tantalum layer, a lower electrode, and 
the piezoelectric film precursor on this diaphragm at order, and: forms, (c) The process which heats the obtained single 
crystal silicon substrate under the atmosphere containing oxygen, is made to crystallize the aforementioned piezoelectric 
film precursor, and forms a piezoelectric film, (d) In the above-mentioned process (b). an interlayer is formed between a 
tantalum layer and a lower electrode or between a lower electrode and a piezoelectric film precursor by the case coming 
[ the process which forms an upper electrode on the aforementioned piezoelectric film ]. and the thing vyhose 
aforementioned tantalum layer thickness the thickness of the piezoelectric film after the process which forms the 
aforementioned piezoelectric film is 1 micrometers or more, and is 1100A or more — it comes out 

[0014] Furthermore, the manufacturing method of the fluid injection head by this invention The process which forms the 
space which serves as a liquid room by removing the silicon of the position corresponding to the lower part of the 
piezoelectric film in which the silicon substrate obtained by the above-mentioned method was formed, and the process 
which closes the space which should serve as the aforementioned liquid room while joining the silicon substrate in which 
the aforementioned space was formed, and the second substrate and making the aforementioned liquid room open for free 
passage a nozzle and the liquid supply system which supplies the liquid which should be injected to the aforementioned 
liquid room — ** — the thing which it comes to contain — it comes out 
[0015] 

[Detailed Description of the Invention] 

The fluid injection head by the fluid injection head this invention is explained using a drawing. In addition, it sets all over 
drawing, membranous thickness and a membranous size are expanded or reduced for explanation, and the ratio of each 
size is not exact. 

[0016] Drawing 1 is the perspective diagram of the fluid injection head in the example of this invention. It comes to 
prepare the space used as the liquid room 102 in the first substrate 101 which consists of single crystal silicon, and comes 
to form in it the tantalum layer 203 which contained tantalum oxide further first on this liquid room 102 with the oscillating 
back shroud 202 as a diaphragm 103. and the oxidization silicon layer 201. Furthermore, a piezoelectric device is formed 
on this tantalum layer 203, and this piezoelectric device consists of the lower electrode 104, a piezoelectric film 105. and 
an upper electrode 106. The first substrate 101 has the second substrate 107 in which the liquid passage 108 was formed 
joined, and the opening 109 as a nozzle is open for free passage to a part for this joint through the liquid room 102 and the 
liquid passage 108, and it comes to form it in rt j 

[0017] The expanded sectional view of the layer structure furthermore prepared the first substrate 101 of the fluid 
injection head of drawing 1 and on it is drawing 2 . j 

[0018] This fluid injection head operates as follows. If voltage i^ impressed between the lower electrode 104 and the upper 
electrode 106, the piezoelectric device and diaphragm 103 which consist of the lower electrode 104. a piezoelectric film 
105, and an upper electrode 106 will deform and bend, and the volume of the liquid room 102 will be decreased. 
Consequently, the liquid which it is full of in the liquid room 102 pushes on the liquid passage 108, and a liquid is injected 
fi'om and a nozzle 109. | 

[0019] In this invention, it is the piezoelectric film in which the 'above-mentioned piezoelectric film 105 comes to contain 
lead, and comes to make 1 micrometers or more of the thickness into the range of 1-5 micrometers more preferably. 
Furthermore, in this invention, it comes to make 1100A or more of about 1 200-1 OOOOA of thickness of the above- 
mentioned tantalum layer 203 into 1200-3000A more preferably. By setting thickness of a piezoelectric film to 1 
micrometers or more, the fluid injection head in which high-density fluid injection is possible is obtained. For example, the 
fluid injection head which becomes printable [ high resolution (for example, 360 or more dpi) ] in the ink-jet record method 
is obtained. Furthermore, according to the experiment of this invention persons, as a result of making thickness of the 
tantalum layer 203 into 1 100A or more, it turns out that generating of the cavity in a diaphragm 103 can be prevented 
effectively. 

[0020] In this invention, the thing which comes to contain lead 20 atoms several % or more more preferably more than 18 
several % (atomic %) atoms is desirable as a piezoelectric film which comes to contain lead. What makes a principal 
component a lead titanate and the titanic-acid lead zirconate (PZT) called so-called binary system as an exempt with a 
desirable piezoelectric film is mentioned. What has the composition expressed with the following formula as a more 
desirable example is mentioned. 

[0021] PbCZrX Til-X) 03+YPbO (her . it is 0.40<=X<=0.6 and 0!<=Y<=0.3) 

Moreover, the third component (for example, magnesium niobic^acid lead) may be further added to the above PZT with 
which the thin film piezo-electric-crystal element by this inver jtion is called so-called three-component system. What is 
expressed with the following formula as a desirable example of ihree-component system is mentioned. 



[0022] PbTia Zrb c 0(Ag Bh)3+ePbO+(fMgO) n (here. A) The divalent metal or Sb chosen from the group which consists of 
Mg, Co. Zn. Cd. lyin, and nickel. The trivalent metal chosen from the group which qonsists of Y. Fe. Sc. Yb. Lu. In, and Cr is 
expressed B The metal of 6 ** chosen from the group which consists of a metal bf the pentavalence chosen from the 
group which consists of Nb, Ta, and Sb, or W and Te is expressed. Moreover, although it is a+b+c=l. 0.35<=a<=0.55. 
0.25<=b<=0.55, (ll<=c<=0.4, 0<=e<=0.3. 0<=f<=0.15c, g=h=l/2, and n= 0 however, the case where g expresses one third, 
and h expresses! two thirds, and A expresses Mg, and B expresses Nb when A expresses a trivalent metal, B does not 
express the metal of 6 **. A expresses a divalent metal and B expresses a pentaValent metal — as long as — n 
expresses 1 ^ ^ 

As a more desirable example of three-component system. A expresses Mg. B expresses Nb, g expresses one third, and 
the thing to which h expresses two thirds is mentioned. 

[0023] Also in the above-mentioned composition, as described above. Lead Pb is 20 atoms several % or more preferably 
[ containing 18 atoms several % or more under the composition, and becoming ], and more preferably. 
[0024] Furthermiore, when A expresses Mg and B expresses Nb, evaporation of PbO under heat treatment is prevented, 
and a reaction with Si substrate is suppressed because MgO is in the above-mentioned range. Furthermore, existence of 
MgO stabilizes the perovskite phase which raises a piezo-electric property. 

[0025] Furthermore, even if it is in any of these binary system and three-component system, in order to improve the 
piezo-electric property. Ba. Sr, La, Nd. Nb. Ta. Sb, Bi. W. Mo, calcium, etc. of a minute amount may be added. Especially, if 
it is in three-component system, addition of Sr not more than 0.10 mol % and Ba is desirable for an improvement of a 
piezo-electric property. Moreover, since addition of Mn not more than 0.10 mol % and nickel improves the degree of 
sintering if it is in three-component system, it is desirable. 

[0026] As for an oscillating object, in this invention, it is desirable to consist of silicon or a silicon compound. In the mode 
shown in drawing 1 . it comes to consist of diaphragms 103 an oxidization silicon layer 201 and an oscillating back shroud 
202. As a desirable example of the oscillating back shroud 202, the layer which doped boron and was obtained is 
mentioned to silicon. As an amount of the dope of boron, about [ 5x1019 to 5x1020Gm -] three are desirable, and the 
thickness has desirable about 0.2-3 micrometers, and it is about 0.5-1 micrometer more preferably. Moreover, according 
to another desirable mode of this invention, a diaphragm may be formed from a zirconia. an alumina, and a zirconium 
nitride. Moreover, the laminating of the layer of these quality of the materials is carried out on the layer of silicon or a 
silicon compound, and it may be formed with a diaphragm. 

[0027] Moreover, the thickness of the oxidization silicon layer 201 has desirable about 1.0 micrometers or less, and it is 
about 0.5 micrometers or less more preferably. 

[0028] Moreover, it is a layer in the state where the crystal phase of tantalum oxide and the oxide expressed with the 
empirical formula of TaPbyOx is intermingled preferably, in the tantalum layer 203 containing tantalum oxide. Although 2 
tantalum oxide, tantalum pentoxide. and those phases are mixing tantalum oxide, it is tantalum pentoxide preferably. Before 
this tantalum layer sinters a piezoelectric film precursor so that a postscript may; be can-ied out, it is preferably formed as 
a metal tantalum layer. And a metal tantalum is changed into tantalum oxide and the oxide expressed with the empirical 
formula of TaPbyOx by the lead which oxidized and has been diffused from the piezoelectric film precursor in case a 
piezoelectric film precursor is sintered in the atmosphere containing oxygen. A tantalum layer makes the thickness 
increase before [and behind the process of this sintering. In this invention, the thickness after crystallization of a 
piezoelectric filip is completed as tantalum layer thickness is 1100A or more is meant. And generating of the cavity 
observed in a silicon-dioxide layer which was described above by preparing a tantalum layer from which the thickness after 
this crystallization becomes 1100A or more is prevented effectively. Although this reason is considered as follows, it does, 
not mean that t^is invention is interpreted by this in limitation, h was thought thajt the cavity in the above-mentioned 
oxidization silico^n layer was produced as a result of lowering the melting point of bxidization silicon and liquefied 
oxidization silicoWs blowing ofF outside, when the lead which has been diffused from the piezoelectric film precursor in 
crystallization prrocess according to analysis of the formation process, such as this invention person, invaded into the 
oxidization silicori layer. It was found out that it is able to prevent leaden diffusion in a tantalum layer and to make it not to 
result to an oxidization silicon layer by making a tantalum layer exist more than aicertain thickness on the other hand. If 
the melting point of oxidization silicon will not fall below to crystallization temperature at least even if there is a leaden 
invasion, since it is thought that prevention of generating of a cavity is possible, prevention of invasion in the oxidization 
silicon layer of the lead by this tantalum layer does not need to be performed completely. However, in order to obtain the 
piezoelectric film of a good property, it is desirable to crystallize a piezoelectric film precursor at an elevated temperatur 
to some extent. Therefore, as for invasion in a leaden oxidization silicon layer, preventing as much as possible is desirable, 
and. generally being prepared thickly can say that tantalum layer thickness is desirable in the range which does not spoil 
the performance of a fluid injection head. The desirable thickness is as having described above. 

[0029] Moreover, the lower electrode 104 and the upper electrode 106 which form a piezoelectric device in this invention 
can use what is commonly used as an electrode of a piezoelectric device, for example, can use gold for platinum and a 
platinum-alloy row preferably. Although the thickness may be determined suitably, about 0.05-2 micrometers is desirable. 
[0030] According to the desirable mode of this invention, it comes to prepare the* first interlayer between a lower- 
electrode and a ^tantalum layer. By making this first interlayer exist, the adhesion jpf a lower electrode and a tantalum layer 
is improved and {ablation with a lower electrod and a tantalum layer can be prevented effectively. The cross-section 
enlarged view of a fluid injection head with which the first interlayer was preparec) is as being shown in drawing 3 . and th 
first interlayer i^ a layer shown by 210 all over drawing. According to the desirablfe mode of this invention, this first 
interlayer comel to contain titanium oxide, a chrome oxide, nickel oxide, or a tun^stic oxide. Furthermore, according to the 
desirable mode of another this invention, this first interlayer comes to contain th^ oxide of an alloy with a tantalum, a 



platinum group, or titanium. Here/a ruthenium, a rhodium, palladium, an osmium, iridium, and platinum are. mentioned, and 
the platinum group of platinum is ;desirable. Alloy composition with a tantalum and platinum is 80:29 to about 5:95 
preferably. When a lower electrode consists of platinum, an about [ tantalum:platinum =30:70 ] alloy is one of the most 
desirable things from a viewpointjof improvement in the adhesion. j 
[0031] Suppose that the meaning which includes not only when the metal itself which constitutes a layer it comes [ a 
metal with a layer Y exists as a feyer in this specification, but the case where it exists in the state where invade into the 
layer which a metal approaches, and the layer which distributes or adjoins mutually, and a clear layer is not constituted 
uses. Therefore, although this first interlayer s thickness may be unable to be specified clearly, it is about 50-200A 
preferably [ considering as 500A or less ]. and more preferably. ? 

[0032] According to the mode with a still more desirable this invention, it comes to prepare the second interlayer between 
a lower electrode and a piezoelectric film. By making this second interlayer exist, the adhesion of a lower electrode and a 
piezoelectric film is improved and ablation of a lower electrode and a piezoelectric film can be prevented effectively. The 
cross-section enlarged view of a.fluid injection head with which the second interlayer was prepare^ is as being shown in 
drawing 4 . and the second interlayer is a layer shown by 220 all over drawing. In addition, the first interlayer 210 and 
second interlayer 220 may be prepared simultaneously, and such a fluid injection head is also included by this invention. 
According to the desirable mode of this invention, this second interlayer comes to contain titanium oxide. Moreover, 
according to the desirable mode of another this invention, this second interlayer comes to contain the oxide of the alloy of 
a tantalum, nickel and the metal chosen from a platinum group, and titanium. Here, the meaning of what "is become 
Including a metal with a layer" is as having described above. Moreover, although the thickness may be unable to be clearly 
defined in the second interlayer. in the manufacturing method which carries out a postscript, it is In the state before 
crystallization of a piezoelectric film, and is about 50-lOOA preferably [ considering as 150A or less ]. and more preferably. 

[0033] The result as a result of preparing this second interlayer. except that the adhesion of a lower electrode and a 
piezoelectric film has been improved, that the crystalline structure of a piezoelectric film is also unexpectedly made into 
uniform globular form crystal grain was obtained And the improvement of the voltage distortion constant d31 of the 
piezoelectric device in the fluid injection head by this invention was found. Drawing 5 (a) Is the cross-section extention 
mimetic diagram of the crystalline structure of the piezoelectric film in the fluid injection head by this invention. The 
uniform globular form crystal grain 501 comes to consist of piezoelectric films 105 the second interlay er's 220 interface. 
On the other hand, drawing 5 (b) is the cross-section extention mimetic diagram of the crystalline structure of a 
piezoelectric film in case the second interlayer 220 does not exist Here, the pillar-shaped crystal grain 502 of thickness 
fixed from the interface of the lower electrode 104 is formed, and, as for a piezoelectric film 105, it comes to form the 
globular form crystal grain 501 in the upper part 

[0034] The fluid injection head by this invention can be used, for example in the following modes. Drawing 6 is the 
conceptual diagram of the mounting structure of the fluid injection head by this invention, the first substrate 101 in which 
the piezoelectric device and the liquid room were formed, and the second substrate 107 in which the liquid passage 108 
was formed — joining — a nozzl^ 109 and liquid introduction — a hole 304 is formed liquid introdLjction — a hole 304 side 
is surrounded by the substrate 301. and the liquid room 303 is formed A liquid is supplied to this liquid room 303 from the 
exterior. A base material 301 is ajttached in the mounting substrate 302. | 

[0035] Moreover, drawing 7 (a) and (b) are the plans and cross sections of an actual use mode of ^ fluid injection head by 
this invention. The fluid injection !head in drawing forms a nozzle 401 in the second substrate 107 in which the liquid 
passage 108 was formed, and ha4 composition which joined the first substrate 101. By considering as such composition, it 
becomes possible to arrange thelliquid room 102 alternately, as shown in drawing 4 (a), and to arrange a nozzle 401 on a 
straight line moreover. Therefore! when the array pitch of a nozzle 401 can be made into the half 6f the array pitch of the 
liquid room 102 and a liquid room! size is set to 100 micrometers, it becomes possible to arrange ajnozzle by the density of 
about 400 dips. That is, it is adva'ntageous at the point whose further densificatlon of a nozzle becomes possible. 
[0036] The manufacturing method of the fluid injection head by this invention is explained to the njanufacture pan of a 
fluid injection head below. Drawing 8 (a), (b). and (c) are the cross sections showing a manufacturing process until it forrhs 
a piezoelectric device and a liquid room in the first substrate 101. In addition, in this cross section| a direction 
perpendicular to space turns into the depth direction of a liquid room. 

[0037] The first substrate 101 which consists of single crystal silicon Is heated and oxidized thermally In temperatur of 
about 1100-1200 degrees C. and the oxidization silicon layer 201 with a thickness of about 3000-5000A is formed In both 
sides of a substrate 101. Next the lower part of the oxidization silicon layer 201 is made to diffuse boron at 1000 degrees 
C from one side of a substrate 101, and the oscillating back shroud 202 is formed. A photoresist film is formed in both 
sides of the obtained substrate 101. and opening is prepared in the front face of an opposite side the side which formed 
the diaphragm 103. Opening is processed for the oxidization silicon layer 201 in fluoric acid and the solution of an 
ammonium fluoride, and opening 204 is formed 

[0038] Then, the first interiayer 210 and/or the second Interiayer 220 are formed on the oxidization silicon layer 201 of 
the first substrate 101 by the tantalum layer 203, the lower electrode 104 and the piezoelectric filfn 105. and also the 
case. These formation may be performed using the various thin film production technique used commonly. As the 
technique of desirable thin film p|-oduction, the sputtering method, a chemical-vapor^deposition (CVD) method, a sol gel 
process, etc. are mentioned. \. 1 

[0039] Even if it forms the layer Which com.es to contain the metal chosen from the group which consists of a tantalum, a 
platinum group, an alloy with titanium or titanium, chromium, nickel, and a tungsten as the first interiayer here ft oxidizes 
according to the process of crystallization of a piezoelectric film precursor which carries out a postscript, and is changed 



into the layer which finally consists of a tantalum, a platinum group, the oxide of an alloy with titanium or titanium o)<ide. a 
chrome oxide, nickel oxide, or a tungstic oxide, andjlayer thickness is made to increase in that case. Therefore, whei^ 
forming the layer which comes to contain a tantalum, a platinum group or an alloy with titanium, and the metal chosen from 
the group which becomes a row from titanium, chromium, nickel, and a tungsten in manufecture of a fluid iojection h^ad. it 
is necessary to take the increase in layer thickness into consideration, and to consider that it becomes the value wHich 
final layer thickness described above. When forming the layer which comes to contain titanium, chromium, nickel, and the 
metal chosen from the group which consists of a tungsten, the first interiayer 500A or less can be obtained after | 
crystallization of a piezoelectric film precursor by considering as 5O-200A or less preferably. On the other hand, thej layer 
which comes to contain titanium oxide, a chrome oxide, nickel oxide, or a tungstic oxide does not change most of th^ 
thickness before and after crystallization of a piezoelectric film precursor. Therefore, the thickness may be made into 
500A or less in front of the process of crystallization of a piezoelectric film precursor. 

[0040] Furthermore, when the layer which it is going to form is an alloy, you may form an alloy layer by the plural \ 
simultaneous sputtering method and the sputtering; method using the alloy target of desired composition. You may form 
the tantalum-platinum-alloy layer which contains direct oxygen by the reactive-sputtering method in the atmospherb 
which furthermore contains oxygen gas. 

[0041] Moreover, as for formation of a piezoelectric film, it is desirable to be carried out as follows. 
[0042] First, a piezo-electric-crystal film precursive amorphous-like body membrane is formed by sputtering on an 
electrode layer (in the case on the second interiayer), using the PZT sintered compact of a specific component as a target 
of sputtering. 

[0043] The precursor of the shape of amorphous [ this ] of a degree is heated, and it crystallizes, and is made to sinter. As 
for this heating, it is desirable to be carried out by dividing into two stages into oxygen atmosphere (for example. Inside of 
oxygen or the mixed gas of oxygen and inert gas. such as an argon). That is. an amorphous-like precursor is crystallized in 
the first heating process. And the second heating process **** grows up the produced crystal grain, and promotes '■ 
sintering of crystal grain ^rther. Specjficaljy, the first heating process heats a precursive body membrane at the 
temperature of 500-700 degrees C preferably in oxygen atmosphere. A precursive body membrane is crystallized by 
heating. This first heating process may be ended when a precursive body membrane crystallizes homogeneously. Then, the 
second heating process heats the crystallized film at 750-1100 degrees C. 

[0044] The first heating process and the second heating process may be performed continuously, and after the first 
heating process, after cooling a film to a room temperature, the second heating process may be performed again, 
[0045] The structure shown in drawing 8 (a) as mentioned above is acquired. 

[0046] After processing the piezoelectric film 105 formed as mentioned above by HOU fluoric acid solution, processing the 
lower electrode 104 by aqua-regia solution further and removing an unnecessary portion, the upper electrode 106 is 
further formed on a piezoelectric film 105, and a piezoelectric device is formed. As a result, a substrate serves as j 
structure shown in drawing 8 (b). J 
[0047] On the piezoelectric device of this substrate, the protective coat 204 which consists of a photopolymer is formed. 
If needed, a part of the protective coat is removed; and you may consider as an electrode takeoff connection. | 
[0048] Then, formation of the liquid room 102 to th'e substrate in which the protective coat 205 was formed can be j 
flooded with the solution which can dissolve the silicon substrate 101, for example, potassium-hydroxide solution, arjd can 
be performed by ♦♦♦♦♦*****ing the single crystal silicon substrate 101 from the opening 204 of the oxidization silicon 
layer 201. And etching removal of the oxidization silicon layer 201 can be earned out in fluoric acid and the solution jof an 
ammonium fluoride, and the first substrate of the structure shown in drawing 8 (c) can be obtained. j 
[0049] The second substrate 107 in which the liquid passage 108 as shown in drawing 1 was formed in this first substrate 
is joined, and a fluid injection head is obtained. j [ 
[0050] In addition, it is desirable to take into consideration the field direction of the crystal of the first substrate which 
consists of single crystal silicon in manufacture of ]the above fluid injection head. About the desirable concrete technique, 
WO 93/No. 22140 official report has an indication, j i 
[0051] . . ; 

[Example] Although this invention is further explairied to a detail based on the following examples, this invention is n^t 
limited to these examples. 

[0052] In addition, unless it refused especially, each size shown in this example at drawing 1 was set [ room / liquid / 
102 / electrode / lower / 104 / micrometers / L= 100 / andmm / W= 15 /. and / piezoelectric film / L1=l ISmicrometer 
and Wl=17mm, and / 105 ] to Lu=82micrometer and Wu=1 5.8mm about Lp=88micrometer and Wp=16mm, and th upper 
electrode 106. Moreover, the cross section of the liquid passage 108 was taken as 40-micrometer angle. 
[0053] The first substrate which consists of single crystal silicon of an one example direction (110) was oxidized thermally 
at 1 100 degrees C. and the oxidization silicon layer was formed in both sides of a substrate 5000A in thickness. Next, the 
lower part of an oxidization silicon layer was made to drffuse boron at 1000 degrees 0 from one side of a substrat . and 
the diaphragm was formed The thickness of an oscillating back shroud set concentration of 1 micrometer and boron to 
1020cm-3. ; \ 

[0054] Next, with the side which prepared the diaphragm, the photoresist was formed in both sides of a substrate, th 
photor sist was removed on the surface of the opposit side, by fluoric acid and the solution of an ammonium fluorid , the 
oxidization silicon layer was **iMt******ed and opening was formed. At this time, it is [0055] in the depth direction of 
opening, i.e., a direction perpendicular to space. 
[External Character 1] 

<112> 



Or [0056] i 
[External Character 2] j 

<llj2> j 

h considers as a direction. After exfoliating a photoresist, the laminatir(g of a tantalum layer, the first interlayer, a lower 
etectr^pde, and the piezoelectric film was carried out to the diaphragm side of a substrate as follows at order. That is, on 
the oxidization silicon layer by the side of a diaphragm, by the sputtering method, the metal tantalum was formed at 200, 
500. 600. or the thickness of 1000A, and 50A of platinum was further formed in the thickness of 2000A for titanium after 
that, i ^ 

[0057] Furthermore, RF-sputtering membrane formation was performed without heating of a substrate in argon 
atmosphere, using as a target the sintered compact shown by composition Pb0.95Sr0.052r0.28Ti0.35Mg0.1 23 NbO.247 03+ 
(90-mol%) PbO .(ten-mol%). And the piezoelectric film precursor with a thickness of 3 micrometers was formed on the 
substrate. Next, the substrate in which the piezoelectric film precursor) was formed was sintered at 900 more degrees C 
by 650 degrees C in oxygen atmosphere for 1 hour for 1 hour. Patterning was carried out by *+********ing a piezoelectric 
film by hoe fluoric acid solution after sintering, and ♦♦♦*******ing a lower electrode by aqua-regia solution. 
[0058] Furthermore, patterning of the titanium was carried out as an adhesion layer and an upper electrode by the 
sputtering method on the piezoelectric film by forming 50A in thickness, and gold 2000A in thickness, and **********ing 
them in the solution of iodine and potassium iodide after this. 

[0059] On the field in which the piezoelectric device of the obtained substrate was formed, the protective coat which 
consists of a photosensitive polyimide was formed in 2 micrometers in thickness, the protective coat of an electrode 
takeoff connection was removed by development, and it heat-treated at 400 degrees C. 

[0060] Next, the field by the side of the piezoelectric device in which the protective coat was formed was protected with 
the fixture, the dipping was carried out to potassium-hydroxide solution, anisotropic etching of a single crystal silicon 
substrate was performed from opening of an oxidization silicon layer, and the liquid room 102 was formed. At this time, the 
field direction of a single crystal silicon substrate is (110), and the depth direction of opening is [0061] further. 
[External Character 3] 
<112> 

Or [0062] 

[External Character 4] 
<1I2> 

Since; it is a direction, the field of the side attachment wall which forms the side of the depth direction of a liquid room can 
be made into a field (111). When potassium-hydroxide solution was used, the ratio of the etching rate of the field (110) of 
single! crystal silicon and a field (111) became about 300:1, was able to suppress side etching to about 1 micrometer, and 
was able to form the slot with a depth of 300 micrometers. Etching removal of the oxidization silicon layer which is in 
contajct with the substrate was carried out in fluoric acid and the solution of an ammonium fluoride, fixing a substrate to 
the aforementioned fixture, and the first substrate was completed. I 

[0063] The fracture surface of the first obtained substrate was observed with the scanning electron microscope, and the 
existence of the cavity in tantalum layer thickness and an oxidization silicon layer was investigated. The result was as 
beingishown in the 1st next table. | 
[0064] j 
[Tabid 1] j 
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Morebver, as a result of carrying out the component analysis of the piezoelectric film by EPMA. the lead composition in a 
piezoelectric film was 18 several % atoms. It was checked that a metal [tantalum does not exist but the crystal phase of 
tantalum pentoxide and the crystal phase of a tantalum pentoxide-lead-oxide compound are furthermore intermingled by 
the Xf-ray diffraction method when a pi zoelectric film is analyzed. j 

[0065J By carrying out ir\iection molding of the plastics, it pasted up wfth liquid passage and the second r ally formed 
substrate, and the first substrate whose tantalum layer thickness obtained as mentioned above is 600 and lOOOA was 
used |s the fluid injection h ad. The fluid injection experiment was corjjducted using this fluid injection head. When applied 
voltage to a piezoel ctric film was s t to 1 5V, using a drainage systemlink constituent as a liquid, the fluid injection spe d 

1! 



in the portion into which it separated from the nozzle 5mm in [ any ] the fluid injection head was 15 m/sec. 
[0066] The first substrate was prepared like the example 1 except having changed the titanium layer thickness formed on 
a tantalum layer before Crystallization of example 2 piezoelectric film. The fracture surfacje of the obtained substrate was 
observed with the scanning electron microscope, and the existence [ layer / platinum / wjhich is a lower electrode / this 
titanium layer and ] of ablation, and the existence of the irregularity on the front face of a piezoelectric film were 
investigated. The result .Was as being shown in the 2nd next table. i 
[0067] I \ 
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The first substrate was further prepared like the example 1 except having made example 3 tantalum layer thickness into 
lOOOA, having carried out the tantalum-platinum alloy (tantalum : platinum 50:50 [ about ]) as the first interlayer. and 
having carried out the laminating of the 2000A of the 500A of the platinum as a lower electrode further on the tantalum 
layer. In addition, the tantalum-platinum alloy was formed by carrying out the laminating of 50A of platinum, and the 50A of 
the tantalums by the sputtering rhethod by turns. The piezoelectric film front face was observed with the metaloscope 200 
times, and the fracture surface of a substrate was further observed with the scanning electron microscope. Consequently, 
ablation of a layer, the irregularity on the front face of a piezoelectric film, and the cavity in a layer were not observed. 
[0068] The first substrate was prepared like the example 1 except having formed with 2000A of platinum as 50A of 
titanium, and a lower electrode 104 as the example 4 first interlayer. and having formed 50A of titanium in the upper part 
as the second interiayer further. According to the X-ray diffraction method about the obtained substrate, the diffraction 
line from the crystal of a titanium dioxide was observed from the portion corresponding to the second interlayer. 
Furthermore, the fracture surface of a substrate was observed with the scanning electron microscope. Consequently, 
ablation of a layer, the irregularity on the front fece of a piezoelectric film, and the cavity in a layer were not observed. 
Furthermore, according to observation of an operation electron microscope, the piezoelectric film is constituted by 
uniform globular form crystal grain, and pillar-shaped crystal grain was not observed at all. Moreover, the piezo-electric 
distortion constant d31 jof the piezoelectric device of this subistrate was 170 pC/N. 

[0069] The substrate was prepared like the above except having not formed 50A of titanium as the second interlayer for 
comparison. As a result [of observing the fracture surface of the substrate with a scanning electron microscope, about 
5000A of pillar-shaped brystal grain was formed upwards from the interface with a lower :electrode, and globular form 
crystal grain was formed in the upper part Furthermore, the piezo-electric distortion constant dSl of the piezoelectric 
device of this substrate- was 150 pC/N. 



[Translation done.] 



